Background: For hemodialysis patients with end-stage renal disease (ESRD), it is important to construct an efficient vascular access with a superior patency rate. This study investigated the factors influencing the efficiency of arteriovenous fistulas (AVFs) constructed using an autologous vessel and evaluated the necessity of ultrasonography as a preoperative tool for AVF construction. Methods: A retrospective analysis was performed of 250 patients in whom an AVF was constructed using an autologous vessel due to ESRD at our institution from January 2009 to April 2016. Results: The 1-, 3-, and 5-year patency rates for all subjects were 87.6%, 85.6%, and 84.4%, respectively. The patients who underwent a preoperative evaluation of their vessels via ultrasonography had better patency rates than those who did not. Superior patency rates were found in patients under 65 years of age or with an anastomotic vein diameter of 3 mm or more. The 1-year patency rate and the diameter of the anastomotic vein showed a positive relationship. Conclusion: Ultrasonography is strongly recommended for AVF construction, and efforts should be made to increase the patency rate in patients over 65. Superior clinical results can be expected when an AVF is made using an autologous vessel with an anastomotic vein diameter of at least 3 mm.
Introduction
End-stage renal disease (ESRD) involves an irreversible decrease in the glomerular filtration rate (GFR). In ESRD, the GFR decreases to 5%-10% of its normal level, and renal replacement therapy, such as hemodialysis or a renal transplant, is needed to remove waste from the body. The ideal treatment for ESRD is a renal transplant. The life expectancy of patients with ESRD has recently increased, and it is diagnosed more frequently, so the prevalence of ESRD is steadily increasing. However, the supply of donor kidneys remains insufficient, so the number of patients requiring hemodialysis as renal replacement therapy is increasing [1] . Thus, when performing hemodialysis, an efficient arteriovenous fistula (AVF) that can provide adequate blood flow, is easily accessible, and minimizes complications is needed.
In the early days of hemodialysis treatment, new methods were developed for AVF construction, but those procedures had many problems. In 1966, the Brescia-Cimino fistula method, an anastomosis of the radial artery and cephalic vein, was first introduced by Brescia [2] . This is very similar to the current − 123 − method for AVF creation [2] , and the modified Brescia-Cimino fistula has become the standard for AVF construction. However, hemodialysis using an AVF is accompanied by repetitive punctures, pressure changes, and a sudden decrease in the blood flow rate when on hemodialysis, all of which are detrimental to maintaining the patency of the AVF.
Most patients in need of an AVF are elderly and in poor medical condition, both overall and with respect to their vasculature, which makes it difficult to construct an efficient AVF. Using current techniques, AVFs can be categorized into those using an autologous vessel and those using a prosthetic vessel. It is widely known that AVFs that directly connect autologous vessels have much better results than those that use prosthetic vessels [3] . However, an AVF cannot be constructed using autologous vessels in every patient, and ultrasonography is receiving attention as a way to check for the availability of an autologous vessel. By evaluating the vein and artery for the AVF via preoperative ultrasonography, the most appropriate surgical method can be selected. This is regarded as a promising approach for improving the patency rate of AVFs [4] .
With these issues in mind, this study retrospectively analyzed the surgical method, clinical characteristics, and postoperative results of 250 patients who underwent AVF construction with an autologous vessel between January 2009 and April 2016 at the Department of Thoracic and Cardiovascular Surgery of the Dankook University Hospital. In this study, we aimed to investigate the effectiveness of ultrasonography in AVF planning and to identify criteria for using an autologous vessel.
Methods

1) Demographic data
A retrospective analysis was carried out using the medical records of 250 patients who underwent AVF construction using an autologous vessel from January 2009 to April 2016 due to ESRD at the Department of Thoracic and Cardiovascular Surgery of Dankook University Hospital.
The male-to-female ratio of the 250 patients was 161:89, and the average age was 56 years (56±13.5 years). The patients were divided into 2 groups. Preoperative blood vessel status was evaluated via ultrasonography in group A (n=126) and using the naked eye in group B (n=124). In each group, the following variables were investigated: the proportion of the elderly population (at least 65 years of age), sex, underlying disease (diabetes or hypertension), complications, the location of the AVF anastomosis, the patency rate of the AVFs (at 1, 3, and 5 years after surgery), and the patency rate according to the diameter of the vein used for the AVF.
Three subgroups were defined in terms of the location of the venous anastomosis. The first subgroup had an AVF in the snuffbox (group A, 2 cases; group B, 84 cases), the second subgroup had an AVF in the radiocephalic region (group A, 75 cases; group B, 37 cases), and the third subgroup had an AVF in the brachiocephalic region (group A, 49 cases; group B, 3 cases).
The complications identified after AVF were (1) lack of AVF blood flow, (2) thrombus, (3) venous hypertension, (4) aneurysm, and (5) infection.
2) Blood vessel evaluation using ultrasonography and surgical procedure In the group in which ultrasonography was used to evaluate the area for the arterial anastomosis (group A), AVF construction was considered inappropriate when severe calcification of the artery wall or stenosis was observed. In such cases, the proximal artery was checked and if appropriate, anastomosis was performed. When anastomosis was performed in the radial artery, the Allen test was done, and the subject was excluded if peripheral blood flow was insufficient (a positive Allen test).
To evaluate the area of anastomosis in the vein via ultrasonography, the arm was abducted by 60° from an anatomical posture before anesthesia, and a tourniquet was applied on the brachial shoulder to measure the diameter of the vein. AVF construction was considered to be appropriate in veins with a diameter of at least 2 mm with no stenosis in the proximal part that were 6 mm or less deep from the skin surface. However, if the diameter of the vein was smaller than 2 mm but the proximal vein diameter was maintained on ultrasonography, anesthesia of the brachial plexus was carried out, and the vein diameter was re-measured. If the diameter expanded to be at least 2 mm, it was used for AVF construction.
In group B, in which preoperative blood vessel status was evaluated using the naked eye, a tourniquet was applied on the proximal area. An AVF using an autologous vessel was constructed only when the vessel sufficiently expanded. The arm used less frequently by the patient was primarily considered as the site for AVF construction. If the veins in that arm had inappropriate diameters, the opposite arm was evaluated and used if appropriate. Local anesthesia was administered when the surgery was performed in the snuffbox, and anesthesia of the brachial plexus was carried out in the other cases.
Regarding the surgical procedure, the skin between the anastomotic vein and the artery was cut and exfoliated. Then, 3,000 units of heparin were injected intravenously, the vein was isolated, the proximal part was cut askew, and the vessel was clamped while saline solution was injected for vein expansion. The artery used for the AVF was isolated using the nearby tissues, and the proximal and dismal areas were then clamped for the anastomosis. After the vein was clamped using a vertical incision, the arteries were stitched repetitively using 7-0 polypropylene, and a 1-sided anastomosis was performed. Depending on the level of anastomosis on the artery, the diameter of the incision varied. Incisions at the radial artery level had a diameter of 8-10 mm, those at the level of the snuff box had a diameter of 5 mm, and incisions at the brachiocephalic level were smaller than the diameter of the radial artery, which was usually 4 mm, to avoid the steal effect.
3) Statistical analysis
The statistical analysis was conducted using SPSS for Windows ver. 11.0.1 (SPSS Inc., Chicago, IL, USA).
The factors affecting the patency rate of the AVFs were analyzed using a cross-sectional analysis for discrete variables and a logistic regression analysis for continuous variables. A significant correlation was considered to exist when the p-value was ＜0.05. The discrete variables included closure of the AVF (patency rate), the presence of diabetes or hypertension, the location of surgery (anastomosis area: i.e., snuff box, radiocephalic region, or brachiocephalic region). The continuous variables included the size of the anastomotic vein and age. Kaplan-Meier survival analysis was used to analyze the patency rate 1 year, 3 years, and 5 years after surgery.
Results
1) Clinical characteristics
The male-to-female ratio was 79:47 in group A and 82:42 in group B. The number of patients with diabetes was 79 (62.7%) in group A and 68 (54.8%) in group B, and the number of patients with hypertension was 102 (81%) in group A and 86 (69.4%) in group B. Regarding the location of the AVF anastomoses, 2 (1.6%) were performed in the snuffbox, 75 (59.5%) at the radiocephalic region, and 49 (38.9%) in the brachiocephalic region in group A, while in group B, 84 (67.7%), 37 (29.8%), and 3 (2.4%) AVFs were constructed in the snuffbox, wrist, and brachiocephalic region, respectively. There were no statistically significant differences between the groups (Table 1) .
2) Patency rate of arteriovenous fistulas
The 1-year, 3-year, and 5-year patency rates in all Fig. 2 . Difference in the cumulative patency rate according to preoperative ultrasonography use. Group A, in which ultrasonography was used, had a 5-year patency rate of 92.9% and group B, in which ultrasonography was not used, had a 5-year patency rate of 75.8%. Since a 100% success rate was found for the use of ultrasonography of the brachiocephalic arteries, logistic regression analysis was not performed for that subgroup. subjects (250 cases) were 87.6%, 85.6%, and 84.4%, respectively. The corresponding rates were 95.2%, 92.9%, and 92.9% in group A and 79.8%, 76.6%, and 75.8% in group B, respectively. The patency rates in group A were statistically significantly higher than those in group B (p＜0.001) ( Table 2 , Figs. 1, 2) . The average diameter of the vein in group A (126 cases) was 3.8±1.3 mm, with 1 case with a diameter of less than 2 mm. In this group, the relationship of the 1-year patency rate to the diameter of the vein and age was analyzed.
A cross-sectional analysis of the 1-year patency rate by vein diameter showed a p-value of 0.006, which was statistically significant. An odds ratio of 6.139 and a p-value of 0.016 were seen in the logistic regression analysis, indicating that the diameter and 1-year patency rate had a statistically significant positive relationship (Table 3, Fig. 3) .
The 1-year patency rate was compared between the patients in whom the diameter of the vein was at least 3 mm (n=83) and those in whom it was smaller than 3 mm (n=43). The 1-year patency rate in the group with a diameter of at least 3 mm was 98.8%, whereas it was 88.4% in the group with a diameter smaller than 3 mm. The patients in whom Fig. 4 . One-year patency rate according to the vein diameter measured by preoperative ultrasonography. The group with a cephalic vein diameter of less than 3 mm (n=43) had an early patency rate of 88.4%, and those with a cephalic vein diameter of at least 3 mm (n=83) had an early patency rate of 98.8%. Patients with a cephalic vein diameter of less than 3 mm group had a 5-year patency rate of 88.4%, those with a diameter of at least 3 mm (n=83) had a 5-year patency rate of 95.2%. the anastomotic vein had a larger diameter had a significantly better patency rate (Table 4 , Fig. 4 ). The 1-year patency rate was 80.4% in the patients at least 65 years of age and 90.4% in the patients younger than 65 years of age, showing that the group younger than 65 had better results. This trend was statistically significant, with a p-value of 0.007 in the cross-sectional analysis. Other factors, such as gender, diabetes, and hypertension, had p-values exceeding 0.05, which means that they were not statistically significant (Table 4 ).
In the Kaplan-Meier analysis of the patients with a vein diameter of at least 3 mm and those with a diameter smaller than 3 mm, the 1-year, 3-year, and 5-year patency rates in the group with a vein diameter of at least 3 mm were 98.8%, 95.2%, and 95.2%, respectively, while the patency rate in the patients with a diameter smaller than 3 mm was 88.4% at 1 year and remained constant thereafter. The patency rates were significantly different between these 2 groups (Figs. 4, 5 ).
3) Postoperative complications
Patients underwent surgery for a second time due to the following postoperative complications: a lack of AVF blood flow (group A, 0 cases; group B, 2 cases), thrombus (group A, 2 cases; group B, 2 cases), venous hypertension (group A, 6 cases; group B, 27 cases), aneurysm (group A, 0 cases; group B, 1 case), and infection (group A, 0 cases; group B, 1 case). A statistically significant difference was seen for venous hypertension (p＜0.05) ( Table 5) .
Discussion
According to a study on the status of renal replacement therapy in Korea published by the Korean Society of Nephrology in 1999, more than half of patients with ESRD undergo hemodialysis [1] . With ad-− 127 − vances in medical technology and improvements in economic standards, the average life expectancy of patients with ESRD who are on hemodialysis is increasing. Thus, efficient AVFs must be constructed for ESRD patients on hemodialysis [5] . All ESRD patients want an AVF for long-term use without any adverse effects, but many practical problems may be encountered when an AVF is constructed in patients on hemodialysis, including AVF closure, infection, and aneurysm. Many efforts have been made to solve those problems, but solutions capable of dramatically improving the patency rate of AVFs are still far from becoming reality.
Concerning the historical background of AVF for hemodialysis, Quinton et al. [6] developed an external AVF in 1960 using a Teflon tube. However, that AVF could be used only for very short durations due to complications including venous hypertension, infection, thrombus, and aneurysm. Thereafter, Brescia et al. [2] reported on the use of side-to-side anastomosis to create an AVF using the radial artery and cephalic vein in 1966, and this method enabled long-term hemodialysis. However, this method also resulted in severe side effects, including congestion, edema, and hot flashes. In 1984, Wedgwood et al. [7] reported that these side effects could be prevented by side-to-end anastomosis. To date, side-to-end anastomosis with an autologous vessel is considered to be the best surgical procedure for AVF construction.
However, since many patients who need long-term hemodialysis have no blood vessels that can be used for AVF, secondary methods of AVF construction for hemodialysis are necessary [8] . One alternative is to construct an AVF using a prosthetic vessel. AVFs with a prosthetic vessel have advantages over AVFs using an autologous vessel in that they allow the choice of a broad range of available blood vessels and are easy to make. Several studies are investigating prosthetic vessels and AVF using Gore-Tex, which has become the standard based on multiple previous studies. However, using a prosthetic vessel has the disadvantages of having a lower patency rate than AVFs using autologous vessels and being prone to secondary complications, including infection and aneurysm. Although studies are investigating ways to improve the patency rate of AVFs constructed using a prosthetic vessel, no clear solution has yet been identified. A realistic strategy for improving the overall patency rate of AVFs would be to extend the application range of autologous vessels. Specifically, the diameter of the anastomotic vein, the direction of flow of the vein, and its structural conditions can be used as criteria for autologous vessel selection to help expand the range of use of this technique [4] .
To evaluate the vein to be used for AVF construction, a tourniquet has traditionally been applied on the proximal area, and the vein evaluated using the naked eye. However, this method is inherently imprecise in evaluating the diameter and location of the vein, its flow direction, and the presence of stenosis in the proximal area. Therefore, many studies have sought to improve the technique for evaluating candidate veins, and the use of ultrasonography has received particular attention. Ultrasonography can be used to precisely evaluate various factors, including arterial stenosis and calcification, blood flow, the diameter of the anastomotic vein, stenosis during flow, and the distance between the vein and the skin [4] . However, few studies in Korea have investigated the use or clinical outcomes of ultrasonography in AVF planning, and studies investigating factors associated with the clinical results of AVFs are still ongoing. In particular, the criterion for the diameter of the anastomotic vein varies across centers, with no clear consensus [4] . As such, this study aimed to quantify the usefulness of using ultrasonography to plan AVF construction, as well as to set an appropriate criterion for the diameter of the anastomotic vein.
This study investigated several factors that could affect the patency rate of AVFs. Patients younger than 65 exhibited a significantly better patency rate than those 65 years of age or older. However, no statistically significant relationship was found between the patency rate and the prevalence of diabetes or hypertension.
Ultrasonography use also showed a correlation with the patency rate of the AVFs. Subjects were divided into 2 groups. The patients in group A had the size of the vein evaluated using preoperative ultrasonography, while the patients in group B underwent the traditional approach, in which vein size was evaluated using the naked eye. The 1-year, 3-year, and 5-year patency rates were then measured. The patency rate of group A was significantly superior to that of group B. We believe that improvement in the − 128 − patency rate shown in this study was a result of the patients in group A undergoing preoperative ultrasonography to evaluate the candidate vein for anastomosis, because the most appropriate surgical procedure could then be selected based on the criteria for autologous vessel use. Additionally, an autologous vessel in the brachiocephalic area was used in significantly more patients in group A, which we believe was the result of the brachiocephalic vein being located relatively deep, such that it is difficult to see even when a tourniquet is used. However, since ultrasonography made it easier to evaluate the deep cephalic vein, many patients in group A received an autologous AVF using the cephalic vein. Thus, ultrasonography is considered essential for evaluating and selecting the most appropriate blood vessel when constructing an AVF using an autologous vessel.
Studies have reported a correlation between the diameter of the vein used for anastomosis and the 1-year patency rate. In 1996, Wong et al. [9] suggested that a preoperative diameter of 1.6 mm in the cephalic vein be used as a criterion for anastomosis of the radial artery and cephalic vein, and in 1998, Silva et al. [10] used a diameter of at least 2.5 mm as a criterion. National Kidney Foundation-Dialysis Outcomes Quality Initiative [11] reported in 1997 that the 1-year patency rate was 84% when the size of the anastomosed vein was at least 3 mm with no sign of stenosis. This study showed a significant relationship between the diameter of the anastomotic vein and the 1-year patency rate in group A; in the regression analysis, the odds ratio for 1-year patency in anastomotic veins with a diameter of at least 3 mm was found to be 6.139, indicating that a larger diameter was associated with a higher 1-year patency rate. A 1-year patency rate of 100% was seen in the 49 patients in whom the brachiocephalic vein was used, and a better 1-year patency rate was seen in the patients in which the anastomotic vein had a diameter of at least 3 mm than in the patients with a diameter of less than 3 mm (98.8% versus 88.4%). The 5-year patency rate was also significantly superior in the former group (95.2% versus 88.4%). Therefore, the diameter of the vein used for anastomosis is closely correlated with the 1-year patency rate, and the patency rate of AVFs can be improved by using autologous vessels with a diameter of at least 3 mm.
Although the size of the anastomotic vein has been established as an important factor for AVF construction in several previous studies, a precise criterion for the diameter has not yet been determined due to differences in the evaluation method, the inclusion of a limited number of study subjects, and variation in the characteristics of subjects, including country of origin and ethnicity. In this study, the anastomosis was performed in the snuffbox, wrist, or brachiocephalic region based on the location of the vein, and the average diameter of the veins in each location was measured to be 3.9 mm, 3.2 mm, and 4.8 mm, respectively. Although a diameter of 3 mm was considered to be appropriate for use in an AVF in the subjects in this study, the suitability of using 3 mm as a criterion for vein diameter in each location could be considered separately. Criteria for segmented autologous vein use are suggested in this study, although additional studies are needed.
We analyzed the complications after AVF construction, and cases of venous hypertension in the proximal part of the anastomosis were significantly more common in group B than in group A, which we think was caused by unidentified stenosis in the proximal vein in group B. In cases with proximal venous hypertension, it is expected that evaluating the vein via ultrasonography rather than with the naked eye could significantly contribute to improvements in the patency rate of AVFs and the prevention of venous hypertension.
In conclusion, this study compared the results of AVF construction using an autologous vessel to those of previous studies. In particular, the patients who had preoperative ultrasonography to evaluate the vein and who underwent surgery that was customized based on the selection criteria showed superior results. Additionally, the patency rate of AVFs was lower in patients 65 years of age or older than in those younger than 65.
Thus, the use of preoperative ultrasonography when constructing an AVF is strongly recommended, and additional efforts should be made to improve the patency rate in patients 65 years of age or older. Based on the results of this study, a diameter of the anastomotic vein of 3 mm is suggested as a criterion for autologous vessel use. However, additional studies regarding segmented criteria according to the location of the surgical procedure are required. Surgical
